This study aims to assess the potential ethanol produced by employing tapioca solid waste to support energy demand in Indonesia. A bioethanol process was simulated under bioactivity process using Saccharomyces cerevisiae. Reduced sugar and polysaccharide were used as essential substrate. The simulation result indicate that SSF requires (59 to 62) h and overall process takes approximately seven days. Having averagely 564 414.7 t • yr 
Nomenclature

C Subst
consentration of substrate (g/L) t ton = 10 3 kg C Prod consentration of product (g/L) yr year growth rate (g/L) d day k s substrate constant (g/L) h hour y Subst yield on substrate (g/g) y Prod yield on product (g/g) m Prod product rate constant (g/g/hr) m subst substrate rate constant (g/g/hr)
Introduction
Indonesian fuel demand is recently about 4 . 10 7 kL • yr -1 , and expected to increase upto 7.7 . 10 7 kL • yr -1 by 2018 [1] . To date 90 % of energy needs is fulfilled by fossil fuel which is explored and exploited from a non-renewable energy resource. Pertinent to the effort of reducing CO 2 emission, alternative fuel such as biodiesel and bioethanol need to be considered to substitute and replace the role of fossil fuel.
Recently ethanol can be employed as fuel by mixing with fossil fuel in ratio of 15:85 as an attempt to reduce the use of fossil fuel. According to energy road map released by Ministry of Energy and Mineral Resource (MEMR) the need of ethanol from 2014 to 2020 is of 2.4
.
. Therefore, supplementary source of ethanol is needed. Bioethanol is a type of ethanol which is obtained from living of biological materials. There are many kind of biological material that can be utilized to produce bioethanol, such as cassava, sweet potato, corn, rice, and sugarcane [2] [3] [4] . However, those materials have crucial function as primary food commodities in Indonesia. It is stated on the Republic of Indonesian Law No. 8 year 2012 that using food commodity as energy source raw materials is not allowed if it is threaten the food security. Thus, there have been many efforts to gain alternative energy source from industrial waste such as, banana peel, rice straw, palm empty bunch, and tapioca solid waste [5] [6] [7] .
Tapioca solid waste is a solid waste from tapioca flour production that cultivated from cassava. It is one of the most potential biological materials from industrial waste for bioethanol production owing to its content of polysaccharide and reduced sugar (details is presented on Table 1.). Production of cassava in Indonesia is the second largest food commodity with total production approximately 23 . 10 6 t • yr -1 and ranked 17 in the world in cassava production. The average annual production of tapioca solid waste in Indonesia is adequately high, i.e. more than 6 . 10 5 t • yr -1 . Therefore, this waste availability can be processed as bioethanol sources. This study presents the feasibility of bioethanol production employing tapioca solid waste as raw materials which is projected to support national biofuel demand.
Method
The study was first conducted by collecting data, i.e. national harvested cassava, representing availability of feedstock on bioethanol process. The data of total harvested cassava was collected from Center Statistical Bureau from 2007 to 2013. The number of cassava produced in 2014 was estimated by using polynomial regression, i.e. polynomial order is based on the best correlation and determination coefficient obtained in the regression model.
The total of potential cultivated cassava was reduced by clustering the data based on the use of cassava, whether it is consumed for primary food comodity or not, to avoid interfering food security as mentioned in RI Law No. 8 of 2012. Number of tapioca solid waste was calculated by using simple calculation from statistical data of 2007 which states that 11.4 % of tapioca production (26.01 % of total harvested cassava) yields as tapioca solid waste. The bioethanol production was modeled as in Fig. 1 . It comprised of pretreatment, simultaneous saccharification and fermentation, and distillation and purification. Pretreatment stage (green line) comprising hydrolysis converted carbohydrates within the feed stream into reduced and soluble sugars. The feed was subsequently heated by adding steam and HCl to obtain the best condition of thermally acid hydrolysis. The best condition reported for acid hydrolysis was 1 : 3 tapioca solid waste to water ratio slurry [9] with additional 80 mM HCl and steam to reach temperature of 125 °C. At these conditions, total yield of the saccharification is approximately 75 % of total carbohydrates.
In the preliminary of SSF (orange line), the output of pretreatment was first neutralized with ammonia so as to S. cerevisiae could grow beneath the lower acidity condition. It was then passed through a heat exchanger to reach the 60 °C of saccharification and fermentation temperature. Saccharification involved gluco amylase at 150 mg · L -1 for 3 h [9] and fermentation with S. cerevisiae requires nutrient, e.g. urea and NPK. The products from SSF reactor was finally flowed through a vessel. The kinetics of simulataneous saccharification and fermentation (SSF) stage was also modeled [10] . This process was modeled by undertaking bioactivity process with S. cerevisiae. Physical and chemical process was formulated as follow:
The initial conditions and value of some SSF parameters was taken from the earlier findings [9] [10] [11] [12] . The purification separates the yield of SSF into water and anhydrous ethanol. Distillation and molecular sieve adsorption are used to obtain ethanol of 99.5 % ethanol. Distillation was undertaken by two columns. The first column removes the dissolved CO 2 and most of the water. The second concentrates ethanol resulted from the first column to a near azeotropic composition.
Results and discussion
The results of kinetics modeling of SSF stage is presented in Fig. 2 . The simulation was undertaken by considering two substrate conditions, i.e. only reduced sugars and carbohydrate -reduced sugars involved within the process. The conversion of reduced sugars to ethanol is presented in Fig. 2(a) . The results shows that the SSF takes (59 to 60) h to be completed whilst Fig. 2(b) shows a slightly longer time of SSF (62 h) due to the process consider both reduced sugars and carbohydrate as essential substrate of fermentation. According to the earlier finding [9, 12] , the fermentation stage requires (3 to 6) d and yield (3.912 to 10) % of ethanol. It is fairly comparable to the simulation result of SSF kinetic modeling that was done in this study [14, 15] . The utilization of tapioca solid waste as raw materials of bioethanol production shows a promising potential compared to other waste materials (details are listed in Table 2 ). Assessment result of tapioca solid waste as feed stock of bioethanol production is presented to describe the availability of raw materials. Total amount of national harvested cassava has been reported to be increasing from 2007 to 2013. The average annual national harvested cassava is reported as 23 026 381 t. However, this potential is further clustered, i.e. Lampung, East Java, Central and West Java, to agree with the condition under RI Law No. 8 year 2012 that the use of cassava should not threat the food security. Therefore, the possible further cultivated cassava is estimated as 19 035 909 t. Counting from the potential cultivated cassava, amount of tapioca solid waste is estimated to be 564 414. Pertain to the national bioethanol demand this number could contribute up to 33. 
Conclusions
The preliminary of feasibility study on bioethanol production utilizing tapioca solid waste was presented within this paper. The simulation of bioethanol process, particularly SSF stage, requires approximately (59 to 62) h and overall process takes approximately seven days. Based on the analysis of clustered cassava potential production, the average of national tapioca solid waste production is approximately 564 414. Nevertheless, further analysis is needed to consider the economical feasibility in order to acquire complete assessment of optimal bioethanol production utilizing tapioca solid waste.
